Diverse roles of metal ions in acyl-transferase ribozymes.
The dependence on metal ions for catalysis is one of the hallmark characteristics of ribozymes. Yet despite this universal reliance, the functional role of divalent ions in promoting RNA catalysis is manifold. In this study we elucidate some different roles metal ions play as catalytic cofactors, by comparing two functionally co-evolved acyl-transferase ribozymes. Earlier studies performed on the in vitro selected acyl-transferase ribozyme, E18 [Suga, H., Cowan, J. A., and Szostak, J. W. (1998) Biochemistry 28, 10118-10125], revealed the requirement of a fully hydrated (outer-sphere) Mg2+ ion for catalytic activity. Interestingly, one class of acyl-transferase ribozymes isolated from the same RNA pool as E18 displays a unique metal dependency and is believed to be interacting with inner-sphere coordinated Mg2+ ions. New results show that one of these inner-sphere coordinating ribozymes, HS01, assumes a cloverleaf secondary structure closely resembling E18, yet apparently facilitates a distinct catalytic mechanism. Furthermore, the nature of the RNA-metal interaction(s) in HS01 seems to be dictating a unique reaction mechanism that exhibits a titratable moiety at a near-neutral pK(a). In light of the critical role metal ions play in biochemistry and the proper function of RNAs, these results compare two distinct manners by which metals serve to promote the catalysis of the same reaction.